The in vivo Micronucleus Assay is a genotoxicity assessment system used for testing chemicals and herbal medicines that can induce chromosomal damage, acting as a biomarker. Schinus terebinthifolius Raddi (Anacardiaceae) is an evergreen tree that occurs on the Brazilian coast and several papers have shown the use of this plant in therapeutic approaches. The aim of this study is to analyze the genotoxic potential of Schinus terebinthifolius Raddi extract in Wistar rats bone marrow through the frequency of micronuclei in polychromatic erythrocytes. The results indicate that there was no genotoxic effects in all tested concentration, showing only an increase in the ratio of polychromatic and normochromatic erythrocytes.
Introduction
The in vivo Micronucleus Assay is used on rats (Wistar) to evaluate the genotoxicity that is used to identify alterations in the frequency of chromosomal damage in cells, through its exposure to certain agents that eventually might lead them [1, 2] . This test assesses the aneugenic and clastogenic abilities of these agents [3, 4] .
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The aim of this study was to analyze the acute genotoxic potential of the aqueous extract of Schinus terebinthifolius Raddi in rats bone marrow through the micronucleus frequencies in polychromatic erythrocytes and check potential bone marrow suppression by varying the ratio between polychromatic and normochromatic erythrocytes in Wistar rats bone marrow.
Materials and Methods
The fresh leaves of Schinus terebinthifolius Raddi were collected, cleaned, dried and stored in the freezer for 16 hours at -28° C. A voucher specimen was deposited in the National Museum of the Federal University of Rio de Janeiro (code: R 210.885).
The aqueous extract was processed by the infusion of fresh leaves (leaf 1g / 150 ml water) as recommended by the Brazilian Pharmacopoeia (1st edition) [20] with some modifications. The extract was stored in amber vials, labeled and kept in a freezer at -28º C until the lyophilization. Then the aqueous extract was lyophilized (Lyophilizer Liotop. Model: L202 -Liobras) and stored at -28° C in the freezer to be used on the experiment.
The Schinus terebinthifolius Raddi aqueous extract was resuspended from a vial containing 1000 mg lyophilized extract diluted in 10 ml of NaCl sterile solution at 0.9%. Five concentrations of the extract were administered: 25, 50, 100, 150 and 200 mg.kg (milligrams per kilo of the animal).
Thirty-five healthy adult male Wistar rats were used (7 to 12 weeks). Rats were divided into 7 groups of 5 animals, each group corresponds to treatments, negative (0.9% NaCl solution) and positive (Cyclophosphamide 50 mg.kg) controls.
This study was submitted to the Ethics Committee for the Care and Use of Experimental Animals (CEUA number of protocol: 046/2011).
The animals were randomly selected in a way that the average weight of the treatment groups were not statistically significant difference. At the end of this step, each animal has been identified according to the weight, receiving adjusted dosages given orally by tube (gavage). After administration of Schinus terebinthifolius Raddi aqueous extract, the animals resumed their initial conditions, where they remained for 24 hours.
The positive control for the micronucleus assay was used with the substance cyclophosphamide according to the 474 OECD protocol [13, [39] [40] [41] . Cyclophosphamide (Genuxal® -Baxter 1000 mg vial) used in this test was diluted in sterile 0.9% NaCl and administered at a concentration of 50 mg.kg and; as a negative control was used the 0.9% NaCl solution (Baxter®) because of its neutrality of genotoxicity and cytotoxicity.
After 24 hours, the animals were subjected to a CO2 chamber. After their death, the femurs were removed, epiphysis cut off and the bone marrow withdrawal, washing the spinal canal with 0.9% NaCl sterile solution.
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The bone marrow was homogenized in 2 ml of 0.9% NaCl solution and centrifuged at 1000 rpm for 5 minutes. Supernatant was discarded and the materials resuspended in 0.5 ml of 0.9% NaCl solution to obtain a homogeneous suspension.
Four microscope slides were prepared from each animal by stretching technique. These slides were air dried and afterwards fixed in methanol PA (Vetec®) for 10 minutes and the cells were stained 24 hours after the fixation by Giemsa method at 5% for 5 minutes.
The criteria for micronucleus identification are its size, its shape and its color. In size, they must have 1/10 to 1/20 of the polychromatic erythrocytes size. The micronucleus should be round or oval, with smooth and defined contour and darkblue color, presenting, generally, less evidence of internal structure that the core of nucleated cells, but are similar in appearance of these nuclei ( Figure 1 ) [37] .
For the quantification of cells with micronucleus, 1000 polychromatic erythrocytes were analyzed in a systematic count into different fields of the blade, randomly selected. The polychromatic cells are well rounded, defined and presents polychromatophilia.
The technique for assessing the ratio of polychromatic and normochromatic erythrocytes is a systematic counting of these cells into different fields of the blade. These fields are chosen randomly without overlapping. The normochromatics cells are slightly smaller than the polychromatics, presenting pink color (acidophilus). Only intact cells are considered in the count. In each slide were analyzed simultaneously polychromatic erythrocytes (PCEs) and normochromatic erythrocytes (NCEs). Based on a total cell count of 200, it was generated a ratio of polychromatic on all normochromatic.
Statistical Analysis
Data were analyzed for normality distribution by the Shapiro-Wilk test. After this analysis was carried out a comparison of groups by the nonparametric statistical model of Kruskal-Wallis [37] . The data are presented in the table with mean and standard deviation (Table 1) .
Results
The frequency of Micronucleus in Polychromatic Erythrocytes (MNPCE) and the proportion of Polychromatic and Normochromatic Erythrocytes (PCE / NCE) after treatment at different doses of freeze-dried aqueous extract of Schinus terebinthifolius Raddi (STR) are shown in Table 1 shows that the negative control group had a total of 10 micronuclei, in the ratio of 1 for every 1,000 polychromatic erythrocytes analyzed the PCE / NCE intercourse was 2.79. This result reiterates the neutrality of 0.9% NaCl solution about its genotoxicity and cytotoxicity. The presence of micronuclei in the negative control group occurs spontaneously in the process of cell division and, what distinguishes a spontaneous process at random from the micronucleus formation and a cellular process that was influenced by a genotoxic substance is the total frequency of generated micronuclei [3, 38] .
Discussion
The data in table 1 reinforce the statements of Melo et al [39] , Misik et al [40] and Singh et al [41] in relation to the cytotoxic and genotoxic potential of cyclophosphamide [42] , an alkylating agent used for the treatment of neoplasias, which inhibits DNA replication and RNA transcription by crossing inter and intra chains [42] . There was an increase in the frequency of micronuclei in polychromatic erythrocytes caused by cyclophosphamide in the concentration of 50mg.kg, this effect is related to damage caused to the cell nucleus [43] . On the other hand, there was a decrease in PCE / NCE relation, indicating cytotoxic effect of cyclophosphamide. The frequency of micronuclei found approximates to that described by Melo et al [39] .
The results obtained in the treatments with aqueous extract of Schinus terebinthifolius Raddi indicate that there was no genotoxic effects when compared to the positive control (p> 0.05). Carvalho et al [44] evaluated the genotoxic effect of an aqueous extract of the fruit of Schinus Terebinthifolius Raddi against plasmid DNA, indicating that the extract has not been capable of inducing double strand breaks of plasmid DNA, confirming the results of the present study. These data also confirmed previous findings such as Lemos et al (2011) and Arnobio et al (2012) , which the aqueous extract of Schinus terebinthifolius Raddi showed no cytotoxicity effects in Escherichia coli [45] , Trypanosoma cruzi and Leishmania amazonensis by minimum inhibitory concentration [46] .
Treatments of 50 and 150 mg.kg of Schinus Terebinthifolius Raddi showed an increase in the ratio PCE / NCE when compared with the negative control group (p<0.05). The frequency of PCEs analyzed in bone marrow distension is used as an indicator of possible adverse effects of treatment on the function of the hematopoietic organ. Reducing the frequency reflects a decrease in the formation of new erythrocytes translating itself as a myelotoxic effect [41] . However, the increase in the ratio of PCEs may indicate a stimulating division and maturation of nucleated cells in erythropoiesis. This study can not relate the increase in this relation with a direct stimulus to erythropoiesis phenomenon, since the study was conducted in 24 hours -acute effect -and erythropoiesis phenomenon is related to a period of 48-72 hours [47] . There is speculation that this effect may be related to the presence of tannins in the Schinus terebinthifolius Raddi [48] [49] . According to Olchowik and colleagues (2012) [50] , the tannins are classified into two main groups, which structures are very different, although all of them have polyhydroxy phenols molecules or their derivatives. First group consists in hydrolysable tannins (such as tannic acid), commonly used for tanning leather and the second one contains other types of tannins, found in greater quantity and of greater importance in food, being called condensed tannins, which basic structure are related to the structure of catechin and 3', 4', 5, 7 -hydroxy-flavonoid [50] .
Despite papers demonstrate that the tannins have antioxidant effects [51] [52] [53] [54] , other studies also show that the tannins hinder the absorption of iron, acting as chelating [50, [55] [56] [57] [58] [59] . Thus, the reduction of bioavailable iron will be translated into a low oxygen tension in the blood [18] , and it is known that low oxygen tension signals to produce erythropoietin, stimulating erythropoiesis [60] [61] .
The comparison of the ratio of PCE / NCE between treatments at doses of 25, 50, 100, 150 and 200 mg.kg of Schinus terebinthifolius Raddi and the positive control (cyclophosphamide), indicate that there was not a cytotoxic effect on bone marrow [13] . These results are comparable to those reported by Silva et al [62] , when evaluated the cytotoxic effects of the essential oil of leaves of Schinus terebinthifolius Raddi. Other studies reinforce this finding such as Carvalho et al [48] and Santana et al [63] .
Conclusion
Based on these results it is possible to suggest that the lyophilized aqueous extract of Schinus terebinthifolius Raddi, showed no genotoxic effect through the micronucleus assay in Wistar rats bone marrow.
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The extract used in the tested concentrations generated an increase of the ratio variation between polychromatic and normochromatic erythrocytes in Wistar rats bone marrow. However, more studies should be performed to better understand this phenomenon.
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